I. Introduction
The Chicago Board Options Exchange (CBOE) Volatility Index (VIX) is a measure of -the market expectation of future volatility implied by the S&P 500 stock index options prices.‖ 1 It was originally introduced in a paper by Robert Whaley in 1993 as an average of the implied volatilities of eight near-the-money options contracts on the S&P 100 index. However, in 2003 the VIX was reformulated by the CBOE as a weighted average of S&P 500 options prices across a wide variety of strikes. 2 This revised calculation has been shown to be more highly correlated with the realized variance of the S&P 500, and shortly after the revision, futures and options contracts were introduced on the VIX.
The VIX index has earned a reputation as a ‗market fear gauge'. 3 The CBOE points out that the VIX index is more properly a measure of ‗uncertainty' rather than ‗fear'; nonetheless, it attracts considerable attention during periods of market instability or financial uncertainty. 4 volatility has made it attractive to investors who want to speculate on, or hedge, future stock market volatility. Moreover, the VIX index has been negatively correlated with the S&P 500 itself. This negative correlation was evident during the 2007-8 financial crisis.
Thus adding VIX exposure to an investor's portfolio has been suggested as a source of potential diversification. 5 The VIX index is simply a calculation and not a directly investable asset;
currently the only way to achieve exposure to the VIX index is by trading futures or options contracts written on the VIX. These futures and options contracts are not simple investments for retail investors to trade. Investors who want to invest in futures contracts need to open a margin account, find the right contracts to purchase, and -roll-over‖ the maturing future contracts into new contracts as they expire. In addition, futures contracts are highly leveraged, marked-to-market daily, and usually only trade in large blocks. The VXX is an ETN and not an ETF, and as such is a senior, unsubordinated, unsecured debt security. As long as Barclays does not default on its obligations, the notes pay investors a return equal to the percentage change in the level of the reference index minus management fees.
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The VXX ETN's reference index, SPVXSTR, calculates the return to a portfolio of 1 and 2 month futures contracts that is rebalanced daily to achieve an average maturity of 1 month. 10 While this methodology does achieve high correlation with the spot price of the VIX index, its daily rebalancing has a substantial effect on the changes in the reference index relative to changes in the VIX index. The result is a decline in value of over 90% from January 2009 until the end of 2010, compared to a decline of only 60%
for the VIX index during the same time period. This difference is due to the use of a reference index that is calculated from maturing futures contracts rather than the VIX index itself.
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In this paper we review the properties of the VIX index and of the return to the VXX ETN and describe the factors that have contributed to the large difference between returns on the VXX ETN and changes in the level of the VIX index. We describe and discuss the various risks associated with investing in the VXX ETN in order to gain exposure to the changes in the level of the VIX index. We show that the return to the VXX ETN depends in a large part on movements in the futures markets that are complicated to anticipate. We also show that a part of the deviation between the VIX index and the VXX ETN is predictable. Our findings highlight the complexity and the risk of this investment, in particular for unsophisticated investors.
II. The VIX Index and Volatility Exposure
The VIX index is not a tradable asset, it is a calculation that is updated by the CBOE approximately every 15 seconds. The VIX index is designed to capture -the market expectation of future volatility implied by the S&P 500 stock index options prices.‖ 12 It does so by computing the weighted average of S&P 500 options prices across a wide variety of strikes under the assumption that -the price of each option reflect[s] the market's expectation of future volatility.‖ 13 Figure 1 shows the cumulative historical performance of the VIX index compared to the performance of the S&P 500. The VIX index tends to spike when the S&P 500 drops sharply, and it tends to decline steadily during bull markets. The VIX index is often interpreted as a measure of stock market risk or general market sentiment 14 -some perceive the VIX index to capture an aspect of Keynes' (1936) ‗animal spirits'. During periods of crisis or uncertainty, the volatility of stock markets tends to increase dramatically, which is reflected in abrupt, sharp jumps in the VIX index. Besides being a signal for market sentiment, there is also a clear long-term negative correlation between equity prices and VIX index levels, as shown in Table 1 , which reports correlations in the weekly returns of various indexes with the VIX index.
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While the negative correlation with equities has remained high over the life of the VIX Until 2009 the only way to achieve exposure to the VIX index was through the VIX futures and options markets. options contracts. 18 However, due to their complexity, most retail investors are not likely to invest directly in options and futures markets, especially for long term positions that would require rolling over contracts.
To avoid this complexity, the VXX ETN was introduced to offer indirect exposure to the VIX index by tracking changes in the level of a reference index that models the returns to owning a portfolio of VIX futures contracts fully collateralized with treasury securities. The VXX ETN has since become one of the most popular of all exchange-traded products with a market cap of almost $1.5 billion.
III. Performance of the VXX ETN
In Figure Table 2 lists the correlations and deviations between the weekly returns to the VXX ETN and the changes in the VIX index for 6 month sub-periods. As is clear from the graphs, the deviations are more severe in some periods than in others. It is also important to note that the deviations can also be positive, as in the second period of 2010. The weekly returns to the VXX ETN differ from changes in the VIX index because the VXX ETN's returns are based on the SPVXSTR index of futures prices of the VIX index rather than spot prices of the VIX index. The SPVXSTR index calculates the return to a portfolio that holds a combination of 1-and 2-month futures contracts, and every day it sells a fraction of its holding of 1-month contracts and uses the proceeds to buy 2-month contracts. Once a month, this model portfolio holds only one kind of futures contract, the 2-month contract which becomes the 1-month contract, and the cycle of buying new 2-month futures contracts starts again. If the 1-month contracts are trading at a lower price than the price the portfolio paid when it purchased it as a 2-month contract, and if this difference is lower than the return for the VIX index in that time period, then the daily rebalancing will incur a loss due to selling the 1-month price contracts that were purchased at the higher 2-month price. As this situation has been common in the VIX futures market, the SPVXSTR index and thus the VXX ETN's cumulative returns have gradually accumulated a large deviation compared to cumulative changes in the VIX index.
For example, on July 17, 2009 , the portfolio that the SPVXSTR index models would have sold 1/24 of its holdings to buy 2 month contracts at $29 each. These contracts would then be sold on August 20, 2009 at $27.80 per contract. The -roll return‖ of these contracts was therefore -4.14% ((1 -27.8)/29) while the VIX index increased from 24.34 to 25.09 during the same time period, an increase of 3.08%. This difference of 7.22% in returns is the deviation due to the use of futures contracts. In general, if the selling price of an expiring futures contract, which is close to the spot price at maturity, is lower (higher) than the purchase price, the investor will incur a loss (gain). This is referred to as a -roll-over‖ loss or gain. The expected roll-over loss or gain is correlated with the term structure of the futures market.
IV. VIX Futures Term Structure
The term structure of a futures market is the yield curve of the prices of futures contracts ordered by their time to maturity. An upward (downward) sloping term structure refers to a market condition where the longer-term futures contract is trading at a higher (lower) price than the nearer-term futures contract. The term -backwardation‖ is often used when referring to a -downward sloping term structure,‖ where the near-term future price is higher than long-term future price. 20 For clarity and tractability, we use the terms -upward sloping term structure‖ if the longer-term futures price is higher than the near-term futures price and -downward sloping term structure‖ if the longer-term futures price is lower than the near-term futures price. As an illustration we plot in Figure 3 the term-structure of the VIX future contracts on two separate days, one that had an upwardand one that had a downward-sloping term structure. As Gorton and Rouwenhorst (2005) have shown, the term structure of futures prices may contain important information for predicting the expected future spot price and therefore the roll-over return. Erb and Harvey (2006) use the slope of the term structure directly as the measure of roll-over return. However, it is important to note that changes in the yield curve over time, which determine the roll-over return, are different from the term structure of the yield curve, which represents the prices of futures contracts over different maturities at one specific point of time.
The dynamics of the term structure of a futures market will have a potentially important impact on any purchaser of a futures contract, including the exchange traded products that use futures contracts to track an underlying index. The return to such an investment will not only depend on the return to the spot price but also on whether the contract was purchased during a period when the term structure of the futures prices was upward-or downward-sloping.
Following Gorton and Rouwenhorst (2005) and others, Figure 4 plots the term structure of the VIX futures market as defined by the difference in price between the 1 and 2 month VIX futures contracts. Positive (negative) values of the term-structure mean that the term structure was upward-sloping (downward-sloping). The only time the slope was significantly negative was during the financial crisis of 2008-9. During this period, the VXX ETN accumulated a small daily profit compared to the VIX index; however, the majority of the time the VXX ETN incurred a steady loss of value.
The reason for the apparent persistent upward-sloping term-structure in the VIX futures market is not straightforward. In commodities markets, persistent upward-sloping term-structure can be explained by storage costs-investors must be compensated for holding a good (barrels of oil, bushels of wheat, etc.) over a period of time, and this is reflected in a higher futures price. 21 However, the VIX index is an entirely synthetic asset (it is simply a calculated number), thus it is not immediately clear why its term structure should exhibit time persistence.
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Figure 4: Term Structure of VIX Futures Contracts Compared to the VIX Index Level The term structure is defined as the difference between the prices of 2-month and 1-month futures contracts
(see Gorton and Rouwenhorst (2005) Recent models proposed by Zhu and Lian (2011) and Duan and Yeh (2011) offer a mean-reversion explanation for this behavior, in the sense that investors in the futures market expect volatility to revert to a long-term mean. When the VIX index is above that assumed mean, its term structure will be downward sloping, and when it is below that mean, its term structure will be upward-sloping. This interpretation is especially intuitive during periods of extremely high volatility, such as during financial crises, where it is recognized that market uncertainty will be resolved sometime in the future. In periods of sustained growth, such as the 2010 market rally, the sustained upward-sloping term structure represents an expectation of future market instability, perhaps a bear market. This interpretation is supported by the historical term structure of Table 3 shows the number of days that the VIX futures market has been upwardor downward-sloping. Clearly, since 2006, the dominant regime has been an upwardsloping term structure; however, the most significant downward-slope occurred in 2008
when VIX index levels were remarkably high (see Figure 1) . During this period, the slope of the term structure was not only negative, but strongly so. This implies that the roll yield is on average more positive when the term structure is downward-sloping than it is negative when the term structure is upward-sloping.
V. Risks a. Term Structure Risk
As described in the previous section, a significant risk factor inherent to the VXX ETN is that its reference index, the SPVXSTR index, models a portfolio of rolling VIX futures contracts, and hence its price changes are exposed to the term structure of VIX futures. As shown in Figure 4 , the VIX futures market has had long stretches of consistently upward-sloping term structure punctuated by rapid shifts to strongly downward-sloping regimes, making any long or medium term investment involving the VXX ETN subject to a daily loss of value not due to the actual VIX index price changes.
Moreover, since the reasons for persistent term structure in the VIX futures market are not clearly understood, it would likely prove exceptionally difficult for an investor to try to time those effects. Indeed, shifts in the term structure can occur abruptly, as they are correlated with unexpected market disruptions.
The roll yield can be easily overlooked by investors because it requires knowledge of and some experience with the term structure of VIX futures. Importantly, when an investor buys the VXX ETN, he or she does not lock in a term structure. Even with an understanding of the history and structure of the VIX futures market, the VXX -log price of near-month futures contract) is a unit-root process using an Augmented Dickey-Fuller (ADF) test. The ADF test results reject the unit root process -the spread is a stationary process. The Bayesian Information Criteria (BIC) suggests an ARMA (2, 0) process as the optimal number of lags in the time series process to maximize the likelihood estimation. Second, we apply the Markov Regime Switching model to our sample. The results are summarized in Table 4 . We use weekly VIX futures market data from February 3, 2006 to March 4, 2011 and find that that the conditional probability of observing an upward-sloping term structure in the current time period, given an upwardsloping term structure in the prior period, is 96%. Conversely, the conditional probability of observing a downward-sloping term structure in the current period given a downwardsloping term structure in the prior period is only 34%. The expected duration of upwardsloping term structure is approximately 27 weeks, as compared to only 1.5 weeks for downward-sloping. These results suggest that periods of upward-sloping term structure are highly persistent, whereas downward-sloping term structures tend to be short lived. In the context of the VXX ETN, these results imply that an investment in the VXX ETN will more likely lead to persistent losses due to due to roll yield in the reference index, and that gains from a positive roll during periods of downward-sloping term structure are not likely to last as long. However, as noted above, during periods of a downward slope the gains from the roll yield is larger on average than the losses during an upward slope.
Therefore, the extent of roll costs on the value of an investment in the VXX ETN is difficult to forecast, even with specific expectations of future VIX levels.
b. VIX Index Tracking Risk
There are two factors that can impact the return to any portfolio of futures contracts compared to the change of the underlying spot price. The first is the term structure and the second is the correlation between the return to a futures contract, which is the expectation of a price, and the realized return, which is the change of the spot price.
In order to assess the impact of these two risk factors, in Table 5 we decompose these factors in the price changes of the VXX ETN's reference index, the SPVXSTR index. We regress the contemporaneous daily price changes of the SPVXSTR index on the term structure (the difference between the two-and one-month future contracts), the return to the two-month futures contract, and the daily price changes SPVXSTR tries to track, the VIX index. As we can see, these two factors substantially impact the price changes of the SPVXSTR. Once we incorporate these two risk factors and the changes in the VIX index levels we can explain about 98% of the deviation in returns. The results hold for the VXX ETN return as it delivers the price changes of its reference index minus management fees, and is somewhat weaker as its observation period is shorter.
In addition, we control for the spread between expected equity volatility as reflected in options prices (and thus the VIX index) and realized historical volatility. We use the Standard and Poor's SPARBV index that measures this spread. 24 When we include SPARBV changes in our regression we find that this volatility risk is also reflected in SPVXSTR price changes -when the spread is high, SPVXSTR changes are lower than when this spread is low. Since SPVXSTR is an index that models a portfolio of futures contracts, its price changes are subject to the market's forecasting error for future VIX levels. Estimations of the differences between the realized VIX index level and the futures' prices 1 month prior indicate that the market's ability to predict future movements is not perfect (73% when adjusted for risk premium 25 ). This is also reflected in our regression results, which suggest that the SPVXSTR index is more strongly influenced by movements in the futures market than with movements in the VIX index itself. This represents another risk factor inherent in the reference index of the VXX ETN, as it only indirectly achieves exposure to the VIX index.
c. Credit Risk
As with all ETNs, the VXX ETN is also subject to the credit risk of the underlying issuer (in this case Barclays 
d. Effectiveness as an Equity Hedge
One of the main reasons investors may want to add an exposure to the VIX index in their portfolio is the fact that the VIX index has a negative correlation with the S&P 500, which may contribute to a portfolio diversification. However, as noted by Shu and Zhang (2010) , the VIX index appears to show a stronger negative correlation to the S&P 500 index during extraordinarily large daily movements. Figure 5 plots a histogram of daily S&P 500 price changes since January 6, 2003 as well as the number of days the VIX index moved in the opposite direction. On days when the S&P 500 index has high positive or negative movement, the VIX index was highly likely to move in the opposite direction, but on days with smaller absolute returns the VIX index's direction was not always opposite that of the S&P 500. This suggests that the VIX index, and in turn the VXX ETN, functions as an effective hedge on equity returns only during extreme equity market movements. While this property may be consistent with a potential role as catastrophe insurance, the VXX ETN's effectiveness as a long term equity hedge is far less effective during normal market conditions. 
e. Predictability
An important question for any potential investor in the VXX ETN is whether the degree to which its return deviates from the VIX index is predictable. In Table 6 we test this question directly, by regressing the monthly price changes of the VXX ETN's reference index, the SPVXSTR index, price changes on observable factors in the previous month. Table 6 , column 1 shows the results of regressing the deviation of the monthly price changes of the SPVXSTR with those of the VIX index on the previous month's deviation. While there is no readily apparent relationship, when we also include the lagged price changes of the VIX index and the lagged futures return (column 2), we find a strong positive relationship between the deviation and the previous month's deviation, as well as strong positive contributions from the VIX index and negative contributions from futures market returns. Interestingly, the slope of the term structure (the difference between the second and first month futures contracts) from the previous month does not appear to contribute predictive ability to the deviation (column 3). Overall, these three variables can predict approximately 52% of the variance in the deviation between the VXX ETN's reference index and VIX index price changes. 
VI. Conclusions
The Volatility Index (VIX) is a calculation by the Chicago Board Options Exchange (CBOE) that is designed to measure the market expectation of future volatility implied by the S&P 500 stock index options prices. Inclusion of exposure to the VIX index in an investor's portfolio can be desirable as a diversification and a hedge.
However, exposure to the VIX index can only be achieved by investing in VIX futures and options contracts. Barclays introduced in 2009 the VXX Exchange Traded Note that offers exposure to the return to a reference index that reflects the changes in return to a bundle of 1 and 2 month futures contracts on the VIX index, and thus, indirectly, the VIX index.
The VXX ETN is a complicated and risky investment. Equity volatility is notoriously difficult to predict, and while its negative correlation with equity market movements may seem attractive as a long-term hedge, the fact that the VXX ETN's reference index tracks futures contracts instead of the actual VIX index means that substantial deviations between the two are likely. Investors should understand that the relationship between the VXX ETN and the VIX index is not straightforward, and that the relationship between the VIX and the S&P 500 indexes is also complex. Therefore
